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Agenda

•State-of-the-art gas turbine combustion

•Practical methods for dynamics control

•Flame response of swirl-stabilized flames

•Summary
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GT operating window

3
The Operating window will continue to decrease

Operating window narrows, as
– Efficiency increases

– Turndown demand increases
– Emissions targets reduce

– Component life increases

– Cyclic operation increases
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Combustion sustained by high upstream temperatures
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Examples of 1st stage burners

Fluid mechanics designed for flame stabilization

Free-standing Vortex Breakdown
EV Burner

Anchored Vortex Breakdown
Swozzle
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Lean premixed burner technologies:
free-standing vortex breakdown
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Lean premixed burner technologies:
anchored vortex breakdown
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Control of combustion dynamics

Prediction of combustion dynamics is a critical challenge
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Swirl Burner aerodynamics
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Water flow rig



Swirl Burner aerodynamics
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Minor change in BC has a major impact

Water flow rig



Burner aerodynamics – impact of head air
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Head air tailored to match experiment



Atmospheric combustion tests
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Measurements 
by DLR



FTF from atmospheric combustion tests
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Variant A

Variant B



FTF : Comparison between LES and experiment
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Variant A Variant B



FTF : LES – split into contributions from f and u contributions
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Summary

• Axial staged systems expand capabilities

• Control and mitigation of dynamics costs entitlement

• Vortex breakdown is highly dependent upon upstream flow

• Incompressible analysis sheds light on combustion dynamics

• LES is essential to reasonably represent the flow field

• Combination of numerics and experiments is essential
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